ABSTRACT Five hundred and sixty Cobb-Vantress broiler breeders were used to determine the maintenance requirement of dietary Arg, His, Ile, Leu, Lys, Met, Phe, Thr, and Val in 10 21-d assays using the comparative slaughter technique. Fifty sexually immature broiler breeder pullets per assay were given crystalline amino acid diets containing graded levels of Arg, His, Ile, Leu, Lys, Met, Phe, Thr, or Val, respectively, representing 0, 10, 20, 30, 40% of their suggested requirement level (NRC, 1994) with all other amino acids maintained at 40% of their suggested requirement level. Sixty hens were slaughtered prior to the beginning of the study to assess initial body composition at 3 weight groups. Linear regression lines (protein accretion vs. amino acid intake) were determined and the maintenance requirements were calculated based on zero protein accretion. The maintenance requirements expressed on a metabolic weight basis were determined to be 174, 94, 52, 81, 60, 126, 133, and 155 mg/kg 0.75 /d for Arg, Ile, Leu, Lys, Met, Phe, Thr, and Val, respectively. Additionally, the maintenance requirements, expressed on metabolic protein weight basis, were determined to be 651, 329, 172, 295, 223, 523, 478, and 546 mg/kgCP/d for Arg, Ile, Leu, Lys, Met, Phe, Thr, and Val, respectively. The requirement for His could not be established as the results obtained were outside of assay range.
INTRODUCTION
The total amino acid requirement of a growing bird includes 2 components, a requirement for maintenance and a requirement for tissue protein accretion. There is evidence that the pattern of amino acids required for each of these 2 components is quite different, and the bird's total requirement must depend on the relative contributions of maintenance and tissue protein accretion to its total need (Fuller et al., 1989) . Obligatory amino acid losses account for a portion of the maintenance requirements. These may arise through increased losses in the digestive tract, increased oxidation, or by other routes; collectively, these increased losses result in reduced efficiency of amino acid utilization (Fuller, 1994) .
There have been a variety of methodologies utilized for the determination of maintenance requirements in broiler breeders (Gous et al., 1984 , Nonis and Gous, 2008 , Bonato et al., 2011 . The maintenance amino acid requirement is normally defined as nitrogen equilibrium, the state in which nitrogen intake exactly equals the sum of nitrogen losses so that the nitrogen content of the body remains constant. Nonis and Gous (2008) and Bonato et al. (2011) defined nitrogen balance as the point at which the difference between nitrogen intake and nitrogen excretion is zero. Yet, nitrogen equilibrium may also be defined as the point at which there is no growth, no body protein accretion, or no amino acid accretion (Sakomura and Coon, 2003) . There are some questions as to whether whole-body protein accretion or amino acid accretion would be more suitable for maintenance requirement determination. Some argue that shifts in whole-body amino acid composition at low protein/amino acid intakes may underestimate the true value of amino acid maintenance requirements (Edwards et al., 1999) . Nevertheless, there is strong evidence that using nitrogen balance (excretion) underestimates protein and amino acid maintenance requirements (Laflamme and Hannah, 2013) . Laflamme and Hannah (2013) state that nitrogen balance studies do not factor in changes to body composition or health caused by low protein intake, nor do they take into account prior nutritional status or current energy status.
Another key limitation of attempts to quantify maintenance requirements is the reliance on the 2715 rooster or young chick to extrapolate the maintenance requirement of the hen. The purpose of this study was to determine the maintenance requirements of broiler breeder hens for Arg, His, Ile, Leu, Lys, Met, Phe, Thr, and Val for non-laying broiler breeder hens using protein accretion.
MATERIALS AND METHODS

General Procedures
Ten assays were conducted to determine maintenance requirements for methionine, lysine, arginine, leucine, isoleucine, phenylalanine, threonine, valine, and histidine in the broiler breeder hen.
The comparative slaughter technique (Wolynetz and Sibbald, 1987; Heger et al., 2008 ) was used to determine protein accretion. Initial body composition data were obtained from 20 randomly selected birds for each experimental weight group: small (2,167 g), medium (2,355 g) and large (2,465 g). For each assay, 50 nonphotostimulated, 23-wk-old Cobb 500 broiler breeder hens of similar body weight were housed in individual cages (47 cm × 30.5 cm × 47 cm) in environmentally controlled rooms (∼22
• C) with a 8-hr light : 16-hr dark period light schedule. Ten birds were assigned to each of 5 dietary treatments for a 3-d acclimation period and a 21-d experimental period. Five purified diets were formulated to contain graded amounts of the test amino acid ranging from 0 to 40% of the total NRC (1994) suggested requirement ( Table 1) . The basal diet was formulated to contain 3,506 kcal ME/kg, 6.78% of CP equivalents from crystalline amino acids, 0.49% Ca to impede ova development, and all essential amino acids according to 40% of amino acids recommended by NRC (1994) ( Table 2) . At the conclusion of the 21-d experimental period, feed was removed for a 36-h period. Birds were then euthanized by CO 2 asphyxiation and stored at -4
• C for later analysis. 5 Indicates omission of this amino acid only from the basal diet for its requirement determination.
Analytical Procedures
The 20 "initial" birds plus 8 birds from each dietary treatment were autoclaved in an AMSCO 3053 sterilizer (Steris Corporation, Mentor, OH) at 120
• C for 16 hours and homogenized in a Waring 4L blender (Waring products division, Dynamics Corporation of America, New Hartford, CT). Subsamples were frozen at -20
• C and lyophilized in a Genesis SQ 12 EL Freeze drier (The Virtis Company, Gardiner, NY) prior to dry matter and nitrogen analyses. Dry matter was determined as a percentage of total wet carcass weight. Whole-body protein (Kjeldahl N) was analyzed on freeze-dried samples by Method 990.03 -Combustion Method (AOAC, 1995) by the University of Arkansas Central Analytical Laboratory.
Statistical Analysis
The experiment design was a one factor completely randomized design. Linear regression models were fitted using JMP Pro 11 (SAS Institute, Cary, NC) with an individual bird serving as the experimental unit. The 3 linear regression equations generated were: Protein accretion (g/bird/day) vs. AA intake (mg/bird/day), Protein accretion (g/kg 0.75 BW/day) vs. AA intake (mg/kg 0.75 /day), and Protein accretion (g/kg protein mass/day) vs. AA intake (mg/kg protein mass/day). A valid model was considered one with significant slope and intercept parameter estimates. Significance was considered P < 0.05. Amino acid requirements for maintenance (i.e., zero protein) were calculated as the x-intercept.
RESULTS
Linear regressions were generated for protein accretion as a function of amino acid intake and the slope and y-intercept were verified as statistically significant (Tables 3-12) . Maintenance requirements are summarized in Table 13 
DISCUSSION
Using nitrogen balance has been found to underestimate protein and amino acid maintenance requirements (Laflamme and Hannah, 2013) . Some have argued that the point of zero protein accretion also underestimates the maintenance requirement since the total body protein may be constant, or accreting, but the amino acid in question may still be limiting (Edwards et al., 1999) . However, it can also be argued that if at the higher amino acid intake-the level at which amino acid accretion is zero-there is positive protein accretion, i.e., growth, then that level cannot, by definition, be maintenance. The present study defined maintenance as the point of zero protein accretion. The present study also does not suffer from the same limitations as other studies, i.e., using young chicks, extrapolation from production data, etc., that are the likely cause of the great variation of experimental results.
The present study reports maintenance requirements as a function of body protein as well as metabolic body weight and daily intake (Tables 3 and 4) . Several authors have argued that reporting requirements on this basis may be more appropriate (Emmans and Oldham, 1988; Gous, 2007; Bonato et al., 2011) and provide for a more accurate comparison among studies and genetic strains. Amino acid requirements are not directly related to body weight, per se, because there is no amino acid cost in maintaining lipids, minerals, or water, and reporting maintenance requirements based on metabolic body weight does not take into account differences in body composition. As genetic selection for greater amounts of lean mass occurs, there will be a need to reassess maintenance requirements if body composition is not given consideration.
The present study determined the lysine requirements to be 145 mg/d, 81 mg/kg 0.75 /d, or 295 mg/kgCP/d. Lys estimates for maintenance usually are relatively low values per unit of body mass compared to other amino acids, such as Met, possibly due to its low rates of degradation (Leeson and Summers, 2001 ). Leveille and Fisher (1959) suggested the maintenance requirements for Lys for White Leghorn adult roosters was as low as 29 mg/kg/d. However, the researchers postulated that they could not truly determine the true Lys maintenance requirement due to positive nitrogen balance at zero Lys intake during a 5-d trial. The researchers utilized amino acid mixtures simulating egg protein as the basal and replaced various amounts of the test amino acid with equimolar amounts of nitrogen from glycine and glutamic acid. Gous et al. (1983) suggested the low Lys maintenance requirements reported by Leveille and Fisher (1959) were possibly inaccurate because of the experimental methods utilized. Nonis and Gous (2008) reassessed the Lys requirements and found that the maintenance requirement of an adult cockerel at zero N retention to be 37 mg/kgBW/d. Results based on the rooster appear to underestimate the lysine requirements of the broiler breeder hen. However, Fisher et al. (2001) conducted a Lys dose-response experiment with broiler breeder hens at 26, 37, 48, and 60 weeks of age rather than young chicks, and extrapolated maintenance requirement for zero Lys accretion to be near zero: 0.00, 0.02, 0.01, 0.01 mg/kg/d, respectively. In addition, Bowmaker and Gous (1991) , in feeding experiments with broiler breeders, extrapolated the egg production response curve to zero (eggs) and reported the maintenance requirement for Lys was 11.2 mg/kg/d. Fisher et al. (2001) concluded that it was difficult to describe any precise biological meaning to the concept of amino acid requirements for maintenance when these are estimated by extrapolation of response curves. Edwards et al. (1999) calculated Lys maintenance requirements of young chicks for a slow-growing strain and a fast-growing strain using zero protein accretion and zero Lys accretion. A higher lysine maintenance requirement was determined based on zero Lys accretion rather than zero protein accretion. Based on Lys accretion, Lys maintenance requirements were 114 mg/kg 0.75 /d for the slow-growing strain and 89.1 mg/kg 0.75 /d for the fast-growing strain. Leeson and Summers (2001) hypothesized that this higher difference is based on the premise that at zero nitrogen balance, the bird is still losing Lys although other amino acids are actually accreting. According to Edwards et al. (1999) , this difference may be explained by the shift in the type of protein in the body, with more collagen protein and less contractile protein being present in chicks fed Lys levels near maintenance. Evidence stated by Edwards et al. (1999) suggested that a decrease of Lys concentration in whole-body protein is followed by an increase in proline and glycine (rich in collagen)
concentrations. The Lys requirements in the present study based on protein accretion (81 mg/kg 0.75 /d) in non-producing broiler breeders appear to be lower, but in general agreement (within 10%) with the maintenance requirements reported by Edwards et al. (1999) and Fisher (1998) , respectively (89.1 mg/kg 0.75 /d; 73 mg/kg/d) and within 15% of the value proposed by Sakomura and Coon (2003; 94 .2 mg/kg 0.75 /d). The lower Lys requirement may be partially explained by the lower whole-body lysine content within this study (Table 5) as compared with the profile presented by Fisher (1998) . Bae et al. (1999) affirmed that amino acid antagonisms may occur during a deficiency state and point to the dominant role of Leu in its interactions with Ile and Val. These observations also suggested that the maintenance requirements for Val are unlikely to remain constant and may be changed by the relative dietary proportions of the other 2 branched chain amino acids (Ile and Leu). In the present study, higher Val (154.1 mg/kg 0.75 /d) and Ile (93.3 mg/kg 0.75 /d) requirements were determined compared with other authors, regardless of methodology, whereas Leu was not consistently higher or lower compared with other authors (Table 4 ). The differences between the current findings and previous results may be caused by the imbalance between these amino acids in the purified diets (Bae et al., 1999) . The higher Val requirements may also be due to higher whole-body Val content (Table 5 ) compared with Fisher (1998) . Similarly, the Arg, Phe, and Thr requirements in the present study were higher than the values proposed by other authors. Fractional degradation rates, the rate at which skeletal muscle degrades, have been observed to increase in broiler breeder hens at the onset of sexual maturity (Ekmay et al., 2013) . Furthermore, Tesseraud et al. (2000) found differences in fractional degradation rates between broiler strains in young birds but not in the older birds of the same strains, indicating a possible age effect. Although, the exact amino acid profile of the endogenous losses of the breeder hen is unknown, the losses are likely greater as compared with the broiler chick and the rooster: resulting in the greater maintenance requirements observed. Met requirements were also determined to be higher than the values proposed by Fisher (1998), and Hruby (1998) in the breeder and broiler, respectively, but not in the rooster (Leveille and Fisher, 1960b) . The whole-body Met content presented here is lower than the content reported by Fisher (1998) . This is not surprising given that Straková et al. (2002) found agerelated differences in the methionine content of 3 hybrid broiler strains, and likely contributes to the different requirements determined among authors. Increased protein degradation at the onset of sexual maturity and differing whole-body amino acid composition contributes to the overall amino acid requirement of the hen, and likely explains the equal or higher maintenance requirements of the broiler breeder hen when compared with the young chick or the mature rooster.
